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Abstract. This paper responds to the social demand to equip learners with the skills capable to 
create solutions that are sustainable over time, to increasingly complex problems. To this end, 
this study designed implemented and evaluated an instructional process aimed to students’ 
development of scientific skills during the scientific inquiry process. A quasi-experimental 
study was designed in which participated 61 university students of physics university course 
participated in the study. The results show that the students of the experimental group 
developed higher level of scientific skills than the control group. 
1. Introduction 
The teaching of science is fundamental to make people aware of the vision of a sustainable society and 
educators must help to promote the changes necessary to achieve it. In this regard, according to [1], 
education should help people develop the knowledge, skills and attitudes necessary to achieve 
sustainable development. 
In this sense, pedagogical aids can be a useful tool for teachers to achieve in students the development 
of scientific skills, which allow them to face situations of their daily lives. In this regard, the research 
question under investigation in this study is: What is the impact of the scaffolds designed in the study 
on students’ development of scientific skills? 
2. Theoretical framework 
To answer the research question, this study is supported by two theoretical axes; the first one is the 
scientific inquiry, which according to [2] plays an important role in the teaching and learning of 
science because it requires students to activate theoretical knowledge, scientific skills and social 
attitudes to solve problems. In addition, according to [3] teaching through inquiry generates teaching 
and learning situations that promotes students’ development of a mindset related with the skills and 
the ways of knowledge building in science. 
The second theoretical axe is a sociocultural perspective of learning [4], in which learning is explained 
through the interaction processes that takes place among students and teacher and the quality of the 
scaffolds that are provided and the scaffolding processes created during learning. The term 
"scaffolding" was used for the first time by [5] and it refers to a structure of aids designed to 
accompany the student from the beginning of the learning process, but It will be gradually dismantled 
until it disappears when the student is able to perform the desired task on his/her own. In this regard, 














2.1. Science Process Skills 
An essential part of the development of the process of inquiry is based on the ability of people to apply 
scientific skills in the search and interpretation of evidence to solve a problem [6]. Therefore, it can be 
said that the ability of a scientist to generate knowledge depends on their ability in each of the aspects 
that make up the scientific task. 
Therefore, scientific skills can be defined as the ability to establish complex and organized thinking 
and/or action schemes to achieve an objective [7]. Therefore, they are considered indispensable tools 
for scientists to form a knowledge base based on the solution of a problem [8]. 
From science education the main objective should be for students to develop scientific skills, as it will 
provide them with tools they will use to build scientific concepts to understand the world around them 
[9]. In addition, it will provide the student the ability to apply the acquired knowledge in their daily 
environment, that is, it will allow them to make informed decisions about the problems that affect their 
family environment and their community [10]. 
Taking this into account, a review of the research (2013-2017) was carried out in which they set out 
different stages or stages to develop the inquiry process [11], [12], [13], [14], [15], [16]. As a result, 
the following phases are proposed in the present investigation: establish the problem, design the 
experiment, collect data, process data, draw conclusions and disseminate the research. 
Finally, from these phases and considering the proposals of researchers such as [17], the scientific 
skills that university level students should develop during the inquiry process were established, so that 
they can reach the conceptual understanding of physical models, and consequently, to be able to solve 
problems in real contexts.  
2.2. Scaffolding 
[6], expresses that scaffolding is a very convenient term to refer to the way in which students are 
helped to take the next step in the understanding of concepts, which is very present at the beginning of 
the learning process when they incorporate new concepts, which in the case of science education could 
be to solve a situation-problem in an autonomous way. In this sense, for [18], pedagogical aids from 
sociocultural theory must occur during the student-student or student-teacher interaction through 
instruments or symbols directly or indirectly, which in a broader sense it is known as dialogue. 
2.2.1. Scaffolding Modalities 
Deepening the way in which pedagogical aids are given within the classroom, it can be said that these 
depend mainly on the people who intervene and on the available resources. In this regard, [19], has 
identified three modalities in which this occurs: 
 One-to-one scaffolding: it is considered the most common modality, since they are the aids that 
the teacher provides to each student and usually adapts very well to their individual needs, 
therefore, the success of this modality depends of the teacher's ability to continually diagnose the 
student's abilities [19]. 
 Peer scaffolding: are the aids that are given between classmates, usually in pairs or in small 
groups and the role of the teacher is to promote the construction of structures that promote 
participation and continuous dialogue among participants [19], because when students have the 
same level of knowledge about a subject, they have difficulty expressing what they know to their 
classmates (King (1998), Mercer, Dawes, Wegerif, & Sams (2004), cited in [19]). 
 Computer/paper-based scaffolding: are the aids that are given through computers or any other 
material that serves as support to the interactions that take place inside or outside the classroom 
[19]. Within the classroom, it can promote discussions during the resolution of problems [20], or 
to facilitate the acquisition of skills during the development of an experimental activity, and 
outside the classroom it is common for it to be used for transmit information through tutorials. 
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It should be noted that combinations between these modalities can also be given according to the 
needs of the audience or the available resources. For example, when an activity is carried out based on 
the use of the computer in the classroom (computer-based scaffolding), the teacher must 
simultaneously "walk" through the classroom to give help (One-to-one scaffolding) to students who 
they need it [19]. 
2.2.2. Scaffolding types 
Just as there are scaffolding modalities, different scaffolding types have also been proposed, such as: 
Conceptual, Metacognitive, Procedural, Strategic [21] and Techniques [22]. 
 Conceptual scaffolding: allow students to understand a complex problem or to clarify 
misconceptions through the use of maps, diagrams or direct advice from the teacher or a 
classmate [23]. In addition, they are designed to support students in establishing the underlying 
conceptual bases of the problems, with the purpose of constructing arguments, monitoring and 
evaluation during the resolution process [24]. 
 Metacognitive scaffolding: aimed at the internal processes of students to promote reflection and 
evaluation of their conceptual understanding, in addition to providing support in the supervision 
of their problem-solving processes [25]. The teacher can implement this help through activities 
that encourage discussion and analysis of the arguments of students in small groups or the whole 
classroom. 
 Procedural scaffolding: help provided to students to take advantage of available tools and 
resources, in order to find the most appropriate procedures to solve a problem [23]. So, as they 
learn different procedures, students will be able to create their own and thus be able to overcome 
new problems effectively [24]. 
 Strategic Scaffolding: focuses on developing planning skills to solve problems effectively, such 
as: critical thinking, strategic planning, decision making, construction of arguments and 
evaluation of the whole process [24]. Likewise, these aids induce the students to value other ways 
of solving problems taking into account the arguments of the classmates or the suggestions of the 
teacher. 
 Technical scaffolding: originally they were provided aids through the use of a computer [22]. 
However, they can currently be implemented using different electronic devices such as tablets 
[26] or smartphones [27]. 
It should be noted that, like the modalities, the different types of aid can be combined, especially when 
the implementation is carried out in an environment that requires a deep intervention, that is, in which 
a certain amount of results is sought in a short period of time 
3. Methodology 
A quasi-experimental methodology was designed, with a control group who followed a traditional 
physics classes, and an experimental group that participated in a challenge-based learning. The 
instructional process consisted of solving a challenge in which students had to answer the following 
question: With what angle is the greatest horizontal distance reached in a movement in two 
dimensions? 
In order to solve this challenge, students should follow the phases of scientific inquiry. The 
instructional process focused on supporting this process by giving specific scaffolds such as: 
demonstrations and classroom experiments (conceptual and metacognitive scaffolding), computer 
simulations and the analysis of videos of the experiment (procedural, strategic and technical 
scaffolding). 
Likewise, to evaluate the level of development of scientific skills, an evaluation test was designed and 
applied before and after the intervention. This test was related with an experimental problem about the 
experimental determination of the elastic constant of a spring, description and data in the form of a 
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table was provided. Students had to answer ten questions related to the phases of problem statement, 
experimental design, data processing and drawing conclusions. 
Subsequently, coding scheme was elaborated in order to study the scientific skills used by students to 
solve the problem. This coding scheme is based on the one elaborated by [17] and it relates the 
scientific skills with different level of cognitive complexity (Figure 1). In this way, a scale from 1 to 4 
was created, where 4 corresponded with an advanced skill level, 3 integrated, 2 intermediate and 1 
rudimentary. 
 
Figure 1. Classification of scientific skills according to the degree of cognitive complexity. Adapted 
from [17]. 
4. Results 
In the pre-test (Figure 2), 86.8% of the students in the experimental group and 95.7% in the control 
group had a rudimentary level of scientific skills. While, in the post-test 55.3% of the students in the 
experimental group reached an intermediate level and 82.6% of the control group remained at a 
rudimentary level. 
Therefore, it can be said that the students of the experimental group developed a higher level of 
scientific skills than the control group. In this regard, previous studies have shown that when students 
participate in teaching-learning processes of guided inquiry, they acquire greater autonomy [28] [29] 
[30], so they develop more scientific skills. Specifically, in the present investigation this process of 
inquiry was closely related to the application of different types of scaffolding, through the 
experimental activities and the use of ICT. 
 
 
Figure 2. Students’ level of scientific skills, before and after the intervention. 
5. Discussion 
The results obtained by the students of the experimental group suggest that the different types of 
scaffolds designed in our study helped students’ development of scientific skills. On contrary, the 
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scientific skills. Therefore, our study opens up a promising path in introducing teaching methodologies 
in physics that focus on: challenge-based learning and the design of appropriate scaffolds to support 
the skills involved in an inquiry scientific inquiry. 
 
6. References 
[1] UNESCO, Education for sustainable development goals. 2017. 
[2] B. Crujeiras y M. Jiménez, «Desafíos planteados por las actividades abiertas de indagación en el 
laboratorio: articulación de conocimientos teóricos y prácticos en las prácticas científica», 
Enseñanza las Ciencias, vol. 33, n.o 1, p. 63, 2015. 
[3] M. Furman y S. García, «Categorización de preguntas formuladas antes y después de la 
enseñanza por indagación», Prax. Saber, vol. 5, n.o 10, pp. 75-91, 2014. 
[4] L. S. Vygotsky, Mind in society : the development of higher psychological processes. Harvard 
University Press, 1978. 
[5] D. Wood, J. S. Bruner, y G. Ross, «The role of tutoring in problem solving», J. Child Psychol. 
Psychiatry, vol. 17, pp. 89-100, 1976. 
[6] W. Harlen, Evaluación y Educación en Ciencias basada en la Indagación: Aspectos de la 
Política y la Práctica. Global Network of Science Academies (IAP) Science Education 
Programme (SEP)., 2013. 
[7] R. Tavares, R. Vieira, y L. Pedro, «A preliminary proposal of a conceptual educational data 
mining framework for science education», en XIX International Symposium on Computers in 
Education, 2017, pp. 216-221. 
[8] D. Coil, M. P. Wenderoth, M. Cunningham, y C. Dirks, «Teaching the Process of Science: 
Faculty Perceptions and an Effective Methodology», Cell Biol. Educ. - Life Sci. Educ., vol. 9, 
pp. 524–535, 2010. 
[9] Ö. F. Farsakoğlu, Ç. Şahin, y F. Karsli, «Comparing science process skills of prospective 
science teachers: A cross-sectional study», Asia-Pacific Forum Sci. Learn. Teach., vol. 13, n.o 1, 
pp. 1-21, 2012. 
[10] Y. García y D. Reyes, «Robótica educativa y su potencial mediador en el desarrollo de las 
competencias asociadas a la alfabetización científica», Rev. Educ. y Tecnol., n.o 2, pp. 42-55, 
2012. 
[11] M. Pedaste et al., «Phases of inquiry-based learning: Definitions and the inquiry cycle», Educ. 
Res. Rev., vol. 14, pp. 47-61, 2015. 
[12] J. Domènech, «Secuencias de apertura experimental y escritura de artículos en el laboratorio: un 
itinerario de mejora de los trabajos prácticos en el laboratorio», Enseñanza las Ciencias, vol. 31, 
n.o 3, pp. 249-262, 2013. 
[13] A. Mikroyannidis, A. Okada, A. Correa, y P. Scott, «Inquiry-Based Learning on the Cloud», en 
Handbook of Research on Cloud-Based STEM Education for Improved Learning Outcomes, L. 
Chao, Ed. IGI Global, 2016, pp. 291-310. 
[14] K. Nichols, G. Burgh, y C. Kennedy, «Comparing Two Inquiry Professional Development 
Interventions in Science on Primary Students’ Questioning and Other Inquiry Behaviours», Res. 
Sci. Educ., vol. 47, n.o 1, pp. 1-24, 2017. 
[15] Z. R. Dedić, «Metacognitive knowledge in relation to inquiry skills and knowledge acquisition 
within a computer-supported inquiry learning environment», Psycological Top., vol. 23, n.o 1, 
pp. 115-141, 2014. 
[16] K. D. Seraphin, J. Philippoff, A. Parisky, K. Degnan, y D. P. Warren, «Teaching Energy 
Science as Inquiry: Reflections on Professional Development as a Tool to Build Inquiry 
Teaching Skills for Middle and High School Teachers», J. Sci. Educ. Technol., vol. 22, n.o 3, 
pp. 235-251, 2013. 
[17] C. J. Wenning, «Levels of inquiry: Using inquiry spectrum learning sequences to teach 
science», J. Phys. Teach. Educ. Online, vol. 5, n.o 3, pp. 11-20, 2010. 
GIREP-MPTL 2018










[18] M. Amerian y E. Mehri, «Scaffolding in Sociocultural Theory: definition, steps, features, 
conditions, tools, and effective considerations», Sci. J. Rev., vol. 3, n.o 7, pp. 756-765, 2014. 
[19] B. R. Belland, «Scaffolding: Definition, Current Debates, and Future Directions», en Handbook 
of Research on Educational Communications and Technology, New York, NY: Springer, 2014, 
pp. 505-518. 
[20] B. R. Belland, A. E. Walker, M. W. Olsen, y H. Leary, «A Pilot Meta-Analysis of Computer-
Based Scaffolding in STEM Education», Educ. Technol. Soc., vol. 18, n.o 1, pp. 183-197, 2015. 
[21] M. J. Hannafin, S. Land, y K. Oliver, «Open Learning Environments: Foundations, methods, 
and models», en Instructional-design theories and models: A new paradigm of instructional 
theory, vol. 2, Psychology Press, 1999, pp. 115-140. 
[22] M. T. Kao, J. D. Lehman, y K. S. Cennamo, «Scaffolding in Hypermedia Assisted Instruction: 
An Example of Integration», en National Convention of the Association for Educational 
Communications and Technology, 1996. 
[23] F. Y. Yu, H. C. Tsai, y H. L. Wu, «Effects of online procedural scaffolds and the timing of 
scaffolding provision on elementary taiwanese students’ question-Generation in a science 
class», Australas. J. Educ. Technol., vol. 29, n.o 3, pp. 416-433, 2013. 
[24] S. Yampinij y S. Chaijaroen, «The development knowledge construction model based on 
constructivist theories to support ILL-structured problem solving process of industrial education 
and technology students», en ICEMT 2010 - 2010 International Conference on Education and 
Management Technology, Proceedings, 2010, pp. 554-559. 
[25] M. C. Kim y M. J. Hannafin, «Scaffolding problem solving in technology-enhanced learning 
environments (TELEs): Bridging research and theory with practice», Comput. Educ., vol. 56, n.o 
2, pp. 403-417, 2011. 
[26] M.-B. Ibáñez, A. Di-Serio, D. Villaran-Molina, y C. Delgado-Kloos, «Augmented Reality-
Based Simulators as Discovery Learning Tools: An Empirical Study», IEEE Trans. Educ., vol. 
58, n.o 3, pp. 208-213, 2015. 
[27] M. Bower, C. Howe, N. McCredie, A. Robinson, y D. Grover, «Augmented Reality in 
education - cases, places and potentials», EMI. Educ. Media Int., vol. 51, n.o 1, pp. 1-15, 2014. 
[28] D. Callison y K. Baker, «Elements of information inquiry, evolution of models & measured 
reflection», Knowl. Quest, vol. 43, n.o 2, pp. 18-24, 2014. 
[29] W. F. McComas, The language of science education. Rotterdam: Sense Publishers, 2014. 
[30] B. A. Whitworth, J. L. Maeng, y R. L. Bell, «Teacher’s Toolkit: Differentiating Inquiry», Sci. 
Scope, vol. 37, n.o 2, pp. 10-17, 2013. 
 
